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I n  a r e c e n t  p a p e r  ( 1 ) ,  i t  h a s  been s u g g e s t e a  that 

t h e  IMP-I o b s e r v a t i o n s  of a l u n a r  wake (2) i n  t h e  solar 

wind may a c t u a l l y  be due  t o  the wake of t h e  E a r t h ,  

The bas i s  f o r  t h i s  i n t e r p r e t a t i o n  is t h e  w e l l  known 
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phenomenon i n  MHD f l u i d  f l o w  (3) of a n  u p s t r e a m  d i s t u r b a n c e  

fo rming  which .precedes a body under  t h e  c o n d i t i o n  of sub-  ' 

A l f v e n i c  f l o w .  I n  t h e  o r i g i n a l  d i s c u s s i o n  of t h e  l u n a r  lee 

, 

/ 

t wake (2) t h i s  p o s s i b i l i t y  was c o n s i d e r e d  (see pg. 528) b u t  

re jected as n o t  b e i n g  p l a u s i b l e  i n  v iew of t h e  a v a i l a b l e  

data on t h e  plasma p r o p e r t i e s  of the  solar  wind (4-7). 

, 

I n d e e d  

, ' i n  t h e  e a r l y  i n t e r p r e t a t i o n  of t h e  IMP-I m a g n e t i c  f i e l d  
1 
/data i n  t h e  i n t e r p l a n e t a r y  medium ( 8 )  i t  w a s  estimated t h a t  L 

1 

the  Alfve/n Mach number of the so lar  wind f l o w  a t  1 A.U. w a s  

i n  t h e  range 3.3 t o  28. 
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This v i a s  s u b s e q u e n t l y  r e f i n e d  t o  t h e  

range of 4-20 on t h e  basis of measured  solar  wind v e l o c i t i e s  

of 300-400 k i l o m e t e r s / s e c  (7,9) and f o r  d e n s i t i e s  i n  t h e  < b 

3 ~ 

r a n g e  1.5 t o  35 protons /cm 'J'lius u n l e s s  c o n d i t i o n s  i n  t h e  

i n t e r p l a n e t a r y  medium w e r e  ex t iwmely  anomalous ,  . .  
, 

t h e  a s sumpt ion  was made t h a t  the so la r  wind flow w a s  s u p e r  

A l f v e n i c  a t  e q u i v a l e n t  Mach nunibers greater t h a n  4,  This 

let ter '  p r e s e n t s  d i r ec t  e v i d e n c e  f 
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f i e l d  and plasma measurements t o  substant ia te  these 

e a r l i e r  interpretat ions of a possible lunar l e e  wake. 

On the IMP-I s a t e l l i t e  the interplanetary magnetic 

f i e l d  was measured a t  20.5 secor~d in te rva ls  f o r  a t o t a l  

of 12 observations i n  each 5.46 minute period (8). A 

s t a t i s t i c a l  dis t r ibut ion of the magnitude of the interplanetary 

f i e l d  during o r b i t  No. 5 has been computed and is shown 

i n  Figure-JD I t  is seen t h a t  the median f i e l d  is approximately 

S'gammas wi th  the magnitude i n  the range 3.5  t o  8.5 gammas 

f o r  82% of the time. The Alfve/n Mach number is defined . 

a s  
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where Va = Alfve/n velocity 
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. vs velocity Of so la r  wind (cm/sec) 
1 
r 

- .  t 
n ,= Proton d e n s i t y  (protons/cm 3 ) 
B = magnetic f i e l d  intensi ty  (gauss 3 lo5 gama) 

m = mass of proton (gms) 

fir the maximum f i e l d  of 15 ganlnlas, the  plasma den'sity 

would have t o  be l e s s  than 1 . 2  protons/cm3 i n  order f o r  t h e  

so l a r  wind flow to  be sub-Alfvgnic. T h i s  low d e n s i t y  was 

not observed on IMP-I during o r b i t  No. 5 (10). 
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I n  o r d e r  t o  p r o v i d e  a more q u a n t i t a t i v e  basis for 

the  argument  o f  s u p e r  A l f v g n i c  flow, a d i r ec t  c o m p u t a t i o n  

of the  a v e r a g e  A l f d n  Mach number has been made. 

combin ing  t h e  d i r e c t  m e a s u r e m e n t s  o f  solar  wind ( i .e. ,  

v e l o c i t y  a n d  d e n s i t y )  w i t h  t he  m a g n e t i c  f i e l d  ( i . e . ,  

m a g n i t u d e ) ,  the  v a l u e  MA has  been computed a t  3 h o u r  i n t e r v a l s  

d u r i n g  o r b i t  No. 5 a n d  is d i s p l a y e d  i n  F i g u r e  2. I t  is s e e n  

M is n e v e r  less than 4 a n d  has a n  a v e r a g e  v a l u e  t h a t  

of a p p r o x i m a t e l y  8 .  The s u p e r  Alfve 'nic  f l o w  p r e c l u d e s  t he  

p o s s i b i l i t y  of a n y  d i s t u r b a n c e s  p r o p a g a t i n g  u p s t r e a m  from the 
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geomagne tosphe re .  Thus t h e s e  r e s u l t s  s u p p o r t  t h e  o r i g i n a l  . 

i n t e r p r e t a t i o n  of t h e  i n t e r p l a n e t a r y  e v e n t  a s  the wake of 

t h e  moon i n  t h e  f l o w  of the so lar  wind.  

A d d i t i o n a l  o p p o r t u n i t i e s  f o r  o b s e r v a t i o n  of the l u n a r  I 

wake by  IMP-I i n  J a n u a r y  and F e b r u a r y  1 9 6 4  h a v e  been  
i 

Y d i s c u s s e d  p r e v i o u s l y  (2) .  The c o r r e l a t i o n  of terrestrial  

b , I  
data w i t h  s a t e l l i t e  data is a d i f f i c u l t  t a s k  s i n c e  the p h y s i c a l  

models are n o t  a l w a y s  r e a d i l y  e v i d e n t .  E l e m e n t a r y  c o m p u t a t i o n s  

of t h e  p r o p a g a t i o n  t i m e s  between f l u c t u a t i o m  o b s e r v e d  on  t h e  

- E a r t h  and  i n  space r e q u i r e  more t h a n  s i m p l y  t he  phase 

ve loc i t ies , ,  as  u s e d  i n  (1) , A l s o  t h e  f r e q u e n t  o c c u r r e n c e  of 

f l u c t u a t i o n s ,  both on E a r t h  a n d  i n  space,leads t o  a number 

of a p p a r e n t  c o r r e l a t i o n s  which are o n l y  c i r c u m s t a n t i a l . !  Thus  
j 
f 

t h e  n o n - n e g a t i v e  r e s u l t s  of c o r r e l a t i v e  s t u d i e s  as c o n d u c t e d  t 
n not be expected ap r io r i  . t o  provide a c o n s i s t e n c y  

for  the h y p o t h e s i s  of 

4 ,  
. c - w  

'or, 
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. In t h i s  c a s e ,  comprehensive measurements of the downstream 

. p o r t i o n  of the geomagnetosphere have revealed the formation 

' I  ; 
of an extended magnetic t a i l  (11). 
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L i s t  of F i g u r e s  

, 

1. S ta t i s t i ca l  d i s t r i b u t i o n  of t h e  i n t e r p l a n e t a r y  m a g n e t i c  

f i e l d  magn i tude  measured  by IMP-I on o r b i t  N o .  5 i n  m i d -  

%ecember,1963. A t o t a l  of 7289 data p o i n t s  o b t a i n e d  a t  20.5 I 
1 .  

s e c o n d  i n t e r v a l s  are u s e d  i n  t h i s  s t u d y .  

2.  

wind v e l o c i t y  t o  computed Alf&?n v e l o c i t y , f o r  o r b i t  No. 5 

of IMP-I. T h r e e  h o u r  a v e r a g e s  of the d e n s i t y  a n d  v e l o c i t y  

of t h e  solar  wind a n d  magni tude  of t h e  i n t e r p l a n e t a r y  f i e l d  

. .  

Alfvkn Mach Number, measured by r a t i o  of observed solar 

h a v e  been u s e d  t o  compute t h e s e  v a l u e s .  

' .  
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